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Abstract 
ISA is considered as an effective measure to reduce traffic accidents. To make the possibility analysis, an experiment is 
conducted by using a driving simulator. The outputs from the simulator are analyzed combined with the ages and road conditions. 
The experiment shows that the ISA can improve recognition to speed limitation and drivers’ behavior. Furthermore, drivers react 
significantly to voice assisted ISA; audible advisories by the ISA such as reduction of speed are acknowledged by drivers 
concluding positive effects on traffic safety. 
© 2014 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of Elhadi M. Shakshuki. 
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1. Introduction 
Ninth Fundamental Traffic Safety Program of Japan was released in 20111. One concrete counter measure is to 
introduce Zone 302 widely in Japan3. To make Zone 30 really functional, Intelligent Speed Adaptation (ISA) is 
considered to be effective4,5.  
Generally, there are three modes of ISA. The first is the advisory mode, in which the driving speed information is 
provided to the driver as the ISA detects that the vehicle is moving beyond the enforced speed limit. The second is 
the mandatory mode, by which the driving speed is regulated by the ISA so as not to exceed the allowable speed. 
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The third is the voluntary mode, this extricate the ISA mandatory mode and grant the driver full control of the 
vehicle’s acceleration. 
To date, ISA system is not yet to be introduced in Japan. Now, considering the acceptance of the society this 
paper selected the “Advisory Mode” to begin a study on the ISA. An experiment on the driving speed information 
provision is conducted on a well-designed driving road environment by using a driving simulator; 47 monitors 
participated in the experiment. The aim of the study is to obtain a general understanding the what and how the 
advisory mode ISA affect the drivers so as to produce a scientific recommendation of introducing ISA to the society. 
The outputs obtained from the driving simulator are analyzed combined with the ages of the participants and the 
road environment conditions. 
2. Outline of experiment 
The experiment was carried out during Nov. 2011 through Feb. 2012. The experiment was made by using the 
driving simulator instead of driving a car on public road. One reason is to avoid traffic accidents on the public road. 
Another reason and most important is that, the driving simulator can simulate many road environments and traffic 
scenarios. Same road environment and traffic scenario allows comparison on the differences among the monitors. 
Furthermore, the different road environment and traffic scenarios manifest their individual influence. 
Driving simulator “D3sim” developed and provided by Mitsubishi Precision Co., Ltd. is used. The driving 
simulation system consists of an operation stage, three simulation computers, and four projectors. The screen is 
1.5m high and 2m wide. Four screens are located in the front, left front, right front and right side. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Experimental procedure 
As shown in Fig. 1, the monitors are divided into two groups according to their ages: 17 young drivers and 30 
elder drivers. The experiments are divided into four parts: usual driving, driving with picture information, driving 
with voice information and again usual driving. Here, the usual driving is programmed as the first drive to record the 
usual behavior of the monitors and fourth drive to know how they behave after having experienced the information 
provision. For comparison, in between the 1st and the 4th drives, the drives with the information provision are 
performed twice: the picture information and the voice information. However, the order of these two drives is 
randomly programed to exclude the influence of the drive order. Additionally, one test run is made at the beginning 
in order to let the monitors get used to the driving simulator. Some monitors experience kinetosis while using the 
driving simulator. This results to only 15 young drivers and 16 elder drivers to complete the drive plan. 
Test run (5min) 
Monitors 
࣭Elder Drivers 
࣭Younger Drivers 
a. Usual (first time) 
b. Picture information 
c. Voice information 
d. Usual (second time) 
Driving behaviour 
1. Average speed 
2. Differences with limits 
3. Acceleration 
࣭all cases are with speed limit 
signs and markings 
࣭Order of a and d is fixed, but 
that of b and c is randomly in 
person 
࣭when the monitor feels 
uneasy with the driving 
simulator, he/she may take a 
break or quit the experiment 
Questionnaire 
1. Attributes 
2. Recognition of conditions 
3. Consciousness for ISA 
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As stated above, the advisory mode is considered in two ways: picture and voice. The voice information is an 
audible short phrase, i.e.: “speed limit is 30 km/h”; such as voice information lasts three seconds that was prior 
recorded and played during the experiment. The picture information is shown in the screen as depicted in Fig. 2. 
 

Fig. 2. Depiction of the picture information and the voice information in the simulation system 
Fig. 3. Test drive route and conditions 
The drive route and space design is summarized in Fig. 3. The route includes three different speed limit sections: 
a four-lane section about 640m long with the speed limit 50km/h (A-B section), a two-lane section about 480m long 
with the speed limit 40km/h (B-C section) and a 5.5m wide section about 1.12km long with the speed limit 30 km/h 
(C-D-E section). Fig. 3 also depict the road environment, in C-D-E section, there are two kinds of space design: one 
 Picture Information 
 Speed limit is 30km/h 
Voice Information 
Stop sign 
ձ
 ճ30km/h wide 
ղ
ճ
 B 
 A 
 C 
 D  E 
Section A-B㸸speed limit=50km/h㸪Section B-C㸸speed limit=40km/h 
Section C-D-E㸸speed limit=30km/h 
16
0m
 
 ղ30km/h narrow 
 ձ40km/h 
Four-lane road Road with 5.5m width Two-lane road  
Traffic signal 
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looks narrow because houses are located very close to the roadsides, and another looks wide as buildings and houses 
are located a little far from the roadsides. The advisory information in the forms of both picture and voice are 
provided at the point being 50m after passing the intersections. 
3. Experiment results and analysis 
The experiment obtains results of monitors’ behavior and consciousness. In this chapter, both the objective 
description of the driving and the subjective assessment of the monitors are discussed. 
3.1. Change of behavior 
The driving behavior can be expressed by three indicators: the average speed, the difference with the speed limits 
and the accelerator stroke. 
Table 1 summarizes the results of the average speed at each section of all drives according to the age group and 
road section. Here the drives at the 50km/h section have been excluded, this is because there are several traffic 
signals in such short distances within the section, so that the driving speed is considered being controlled by the 
signal density instead of the information provided. 
Table 1. Average speed by routs and scenarios and statistical tests on the differences with the usual drive: first time 
 Section  Usual: first time Voice information Picture information Usual: second time 
El
de
r 
40km/h Average speed 38.48 38.72 39.07 37.65 T-value  0.12 0.22 0.45 
30km/h 
narrow 
Average speed 32.00 32.07 31.12 31.92 
T-value  0.04 0.40 0.05 
30km/h 
wide 
Average speed 34.71 31.12 32.69 32.41 
T-value  3.08** 1.35 1.25 
Y
ou
ng
er
 40km/h 
Average speed 44.68 38.27 38.05 39.47 
T-value  3.91** 4.18** 4.67** 
30km/h 
narrow 
Average speed 33.91 30.46 30.37 31.88 
T-value  1.80* 1.75 1.60 
30km/h 
wide 
Average speed 36.03 31.48 30.12 33.05 
T-value  2.50* 2.77** 2.40* 
ͤT-value: calculated by the statistical test of the differences with that respective for the usual drive: first time; 
ͤsignificance level **˖1%ǃ*˖5%. 
 
Results on the elder drivers show 1% statistically significant difference between the usual drive and the drive 
when the voice information is provided on the road section with the 30km/h limit wide section. However, all 
average speeds in the 30km/h limit sections have been over the speed limit. On the other hand, in the 40km/h limit 
road section, the average speeds of all four drives have been lower than the speed limit.  
Results on the younger drivers show that the average speeds of the usual drive (the first time drive) in all three 
types of road sections are high compared with the succeeding three drives. Statistical tests on the differences 
between the usual drive and each of the other three drives are carried out. In the 40km/h limit section and the 
30km/h limit wide section, all three drives show the significant differences at 1% or 5% level. However, in the 
30km/h limit narrow section, only the voice information scenario shows a statistically significant result at 5% level. 
The second time usual drive gives a very exciting result that there are educational effects on the younger drivers.  
Summarizing the above, the voice information provision shows superiority over the picture information provision. 
Moreover, the experiment manifest that the ISA has better effect on younger drivers; this result is potentially 
recognized, for that younger drivers usually tend to drive faster than the elder drivers. The ISA also shows potential 
contribution in traffic safety4,5,6 onto older drivers, it brings out a good effect in decreasing the driving speed of elder 
drivers that exceeded the speed limit at the 30km/h limit wide road section. 
Considering the drives with steady driving speeds are safer than drives with fluctuating driving speeds, an 
indicator which is represented by the difference between the speed limit and the actual driving speed may be used 
especially in the relatively lower limit speed road sections. On the analysis of how much driving speeds approached 
the speed limits, Table 2 summarizes the results; here the drives at the 50km/h section have been excluded.  
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Looking at the elder drivers, for the first time usual drive the largest difference is in the 30km/h limit wide 
section; then, in the 30km/h limit narrow section. In the 40km/h limit section the difference is small but larger than 
5km/h. Understanding the statistical test results between the difference of the first usual drive and the other drives, 
there are statistically significant results when providing the picture information and the voice information in the 
30km/h limit wide section. That is, the ISA can make the elder drivers to approach the speed limit when driving in 
the 30km/h limit wide section. 
Now, seeing the results on the younger drivers, same with the elder drivers the largest difference is in the 30km/h 
limit wide section. Subsequently, the second largest difference appears in the 40km/h limit section, and the third one 
is in the 30km/h limit narrow section. The statistical test results between the difference of the first usual drive and 
the other drives show that there are statistically significant results for all three scenarios in the 30km/h limit wide 
section and the scenario with the voice information and second usual drive in the 40km/h limit section. Same as 
what is being shown with the elder drivers, the ISA with voice information makes the younger drivers approach the 
speed limit when driving in the 30km/h limit wide section. Different with the elder drivers, the ISA have shown the 
statistically significant educational effects on younger drivers with the 40km/h limit section and 30km/h limit wide 
section. 
In addition to the analysis in terms of the driving speeds, the driving simulator can provides the driving behavior 
recorded by the accelerator stroke sensor. The image of drivers’ accelerator strokes respective with each road 
section is given in Fig. 4.  
Table 2. Differences of average speed by rout/scenario with the respective speed limit and statistical tests on their differences with that of the first 
time drive 
 Section  Usual: first time Voice information Picture information Usual: second time 
El
de
r 
40km/h Differences of average speed 5.27  5.86  4.36  5.15  T-value  0.34  0.67  0.08  
30km/h 
narrow 
Differences of average speed 5.82  5.49  4.48  4.50  
T-value  0.33  1.39  1.61  
30km/h 
wide 
Differences of average speed 5.96  3.89  4.14  4.58  
T-value  1.99*  2.04*  0.78  
Y
ou
ng
er
 40km/h 
Differences with average speed 5.95  3.02  3.85  3.61  
T-value  2.44*  1.63  1.80*  
30km/h 
narrow 
Differences with average speed 5.54  2.65  2.99  4.23  
T-value  1.70  1.49  1.20  
30km/h 
wide 
Differences with average speed 7.30  3.35  3.59  5.44  
T-value  2.22*  2.55*  1.77*  
ͤT-value: calculated by the statistical test of the differences with that respective for the usual drive: first time; 
ͤsignificance level **˖1%ǃ*˖5% 
 
The analysis is based on the three periods defined according to the time before or after providing the voice or 
picture information. Period 1 is a 3 seconds period before, Period 2 is a 3 seconds period just after, and Period 3 is 
another 3 seconds period after the Period 2. Here, 3 seconds is used because the picture information is shown on the 
screen for 3 seconds only. Furthermore, the difference () of the maximum and the minimum at each period is used 
for the analysis. The positive  value implies that the driver stepped on the accelerator and the negative  value 
means that driver ease-up on the accelerator. The analysis results are summarized in Table 3. 
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Fig.4 Image of drivers’ accelerator strokes respective with each road section 
Table 3 Driving behavior (Stroke= average accelerator stroke respective with each period of that drive)
 Section/Period  Usual: first time Voice information Picture information Usual: second time 
El
de
r D
riv
er
s 
40km/h 
1 Stroke 0.07  0.12  0.09  0.06  T-value   1.16  0.42  0.13  
2 Stroke 0.03  0.03  0.02  0.00  T-value  0.17  0.24  0.65  
3 Stroke 0.03  0.07  0.02  0.00  T-value  1.13  0.14  0.64  
30km/h 
narrow 
1 Stroke 0.12  0.10  0.07  0.11  T-value  0.60  1.19  0.42  
2 Stroke 0.00  -0.06  -0.03  -0.01  T-value  1.26  0.49  0.29  
3 Stroke 0.07  0.03  0.06  0.07  T-value  1.79*  0.50  0.08  
30km/h 
wide 
1 Stroke 0.18  0.21  0.19  0.22  T-value  0.53  0.31  1.32  
2 Stroke 0.05  0.01  0.07  0.03  T-value  0.83  0.33  0.31  
3 Stroke 0.04  0.05  0.02  0.02  T-value  0.09  0.49  0.57  
Y
ou
ng
er
 D
riv
er
s 
40km/h 
1 Stroke 0.15  0.09  0.11  0.11  T-value  1.91*  1.95*  1.68  
2 Stroke -0.12  -0.17  0.03  0.03  T-value  0.79  3.45**  3.46**  
3 Stroke 0.06  0.03  0.03  -0.04  T-value  0.60  0.58  2.36*  
30km/h 
narrow 
1 Stroke 0.11  0.05  0.07  0.07  T-value  1.62  0.78  1.16  
2 Stroke -0.01  -0.08  0.00  -0.05  T-value  1.65  0.09  0.63  
3 Stroke 0.04  0.00  0.00  0.03  T-value  1.12  1.58  0.40  
30km/h 
wide 
1 Stroke 0.14  0.19  0.19  0.19  T-value  1.22  1.44  1.46  
2 Stroke 0.08  -0.01  0.02  0.03  T-value  1.99*  0.99  1.04  
3 Stroke -0.03  -0.09  0.02  -0.04  T-value  1.07  1.12  0.10  
ͤT-value: calculated by the statistical test of the differences with that respective for the usual: first time; 
ͤsignificance level **˖1%ǃ*˖5% 
 
The elder drivers show a statistically significant difference at 5% level which is limiting at the period 3 in the 
narrow section with the voice information provision. The average stroke decreases from 0.07 to 0.03. 
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On the other hand, the younger drivers behave to ease up on the accelerator at Period 2 of all road sections when 
the voice information is provided. Doing the statistical tests for the differences between the first time usual drive and 
other drives that there are statistically significant results respective with Period 1 (both with picture and with voice 
information provision drives), Period 2 (both with picture information provision drive and the second usual drive) 
and Period 3 (the second usual drive) in the 40km/h limit road section. However, in the 30km/h limit road, the 
statistically significant difference is only for Period 2 when driving with voice information provision and in the wide 
section. 
Summarizing afore said results, on the 30km/h limit road section, there is almost no abrupt change with the 
average accelerator stroke when the information is provided. Therefore, the advisory ISA does not bring out abrupt 
change on the driving behavior so as to affect safe driving. 
3.2. Analysis based on a questionnaire 
A questionnaire is carried out after the drives by using the driving simulator. Here, some answers are summarized 
to make an analysis regarding the related questions on the advisory ISA [4] & [5]. 
Fig. 5 tells us that when drivers recognize the speed limit signs; more than 50% elder drivers and nearly 90% 
younger drivers have acknowledged the speed limit signs at the drive “a”. In addition, all remaining drivers 
recognized the speed limit sign at the drive “b”. On the advisory ISA as shown in Fig. 6, all drivers have recognized 
both types of information, there are no statistically significant difference between the two age groups of drivers and 
between the two information types.  
 
 
Fig.5 Recognition to speed limit signs 
 
Fig.6 Recognition to picture and voice information 
 
Fig.7 Behavior after picture information provision 
 
Fig.8 Behavior after voice information provision 
ͤ
Fisher's exact test 
No significant difference 
(One degree of freedom, 
Two-tailed test) 
ͤ
Fisher's exact test 
No significant difference 
(One degree of freedom, 
Two-tailed test) 
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Fig.9 Demand for equipment of picture information provision 
 
Fig.10 Demand for equipment of voice information provision 
Fig. 7 and Fig. 8 are answers about the behavioral change when information is provided. Responding for both 
picture information and voice information, the younger drivers changed their driving speeds approaching the speed 
limits much more than the elder drivers, but there is no statistically significant difference between the two groups. 
Finally, the monitors are asked whether they will utilize or be equipped with the advisory ISA services. Given in 
Fig. 9, only about 10% of the elder drivers answered “YES” for the picture information provision. Most of the 
drivers appropriately answered “YES” or “NO”. Regarding the voice information provision, more than 10% of the 
elder drivers and 20% of the younger drivers said “YES”, about 50% of both elder and younger drivers answered 
they will properly equip. The percentages that said “NO” are only about 5% of the elder drivers and 10% of the 
younger drivers. The evaluation of the voice information is better than the picture information. The negative answers 
are that the picture information divides the attention of the drivers on the road and on the information when driving a 
car. 
4. Summary and conclusion 
In this study, the advisory ISA is analyzed by means of an experiment using a driving simulator with the 
participation of 16 elder and 15 younger monitors. The experiment consists of four steps: without ISA, ISA using 
pictures, ISA using voices and again without ISA. The outputs obtained from the driving simulator are analyzed 
combined with the ages of the participants and the road environment conditions. The experiment shows that the ISA 
can improve driver’s recognition to the speed limits and change the driving behavior. Further, the ISA when using 
audible information are easily accepted by the drivers; the driving speeds are decreased contributing to traffic safety.  
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